Memory impairment is the earliest and most prevalent symptom in Alzheimer's disease (AD) 1, 2 . The early involvement of the entorhinal cortex and CA1 of the hippocampus in AD 3, 4 supports the observed decline in episodic memory even at the initial stages of the disease 5 . It is well known that the performance of AD patients is significantly poorer than that of normal elderly in tests that assess delayed recall of a list of items even a few minutes after its presentation 5 . However, there is not as much information about differences in the rate of forgetting after these first few minutes. There are data that suggest that the rate of forgetting is faster in patients with bilat- eral temporal lobe lesion 6 or dysfunction 7 . Corkin et al. 8 reported a higher rate of forgetting in AD patients than in controls when they compared the delayed recall at 10 minutes and at 24 hours, although they did not find difference in an overall analysis at 72 hours. Kopelman 9 found that AD patients did not display accelerated forgetting when assessed 24 hours after the learning phase.
We assessed verbal memory in AD patients and normal matched controls through the Free and Cued Selective Reminding Test (FCSRT) initially proposed by Buschke, with the inclusion of an assessment of delayed recall after 24 hours [10] [11] [12] . Through this para-digm we intended to assess a) the encoding process using semantic cues; b) recall abilities with cues, when necessary, and c) the rate of forgetting of initially learned items. Since Craik and Lockhart's 13 paper about the importance of the level of processing information in long-term storage, many others researchers have shown that the deepest an information is processed when encoded, the greatest is the possibility of retrieving it from long-term storage 11, 12, [15] [16] [17] . The utilization of semantic cues during encoding stage and the same cues at retrieve increases the performance at delayed recall in both, AD patients and healthy controls 18 .
METHOD
Fifteen patients (8 males and 7 females) with probable AD (NINCDS-ADRDA) 19 and 15 age and educational matched controls (6 males and 9 females) were enrolled in this study 20 , after written consent. The characteristics of our sample are summarized in Table 1 . According to the Clinical Dementia Rate (CDR) 21 , 11 of the AD patients were considered as having mild disease and 4 were considered as having moderated disease. All the subjects were examined by an experienced neurologist and assessed by a comprehensive neuropsychological battery comprising tests for language, immediate memory, long-term memory, visuo-spatial and visuo-constructive skills, gnosis, praxis and planning, as previously described 22. All AD patients were submitted to brain CT or MRI and to brain SPECT.
The FCSRT was applied, with modifications, as previously described 1 . Briefly, patients were presented to a white card with 16 black drawing line figures belonging to different semantic categories. Initially they were asked to identify and name all figures after the examiner had presented their semantic descriptors (p.ex.: which is the bird? For the owl). The objective of semantic descriptors presentation was to deepen the level of codification of information. Then they were asked to immediately recall freely as many items as they were able to. After three minutes the examiner repeated the semantic descriptors for the items that were not freely recalled, as cues. After this first trial, five more trials followed and the subjects were presented to the same card between them and asked to identify and name only the items they had been unable to remind in the immediate preceding trial, again after the descriptor presentation. The delayed recall was performed 30 minutes and 24 hours after the sixth trial. In these moments the card was not re-presented and the cues were given only for those items not freely recalled. We used the sum of the free (SumFR) and total (free plus cued) recall (SumTR) across the six trials as a measure of learning ability. The total recall at the sixth trial was chosen to be compared with the total recall at 30 minutes and 24 hours to analyze the rate of forgetting.
Statistical analysis: The analysis of one variable between both groups were assessed by the Mann-Whitney test. The Friedman's test was used for an overall analysis of the loss of information across the three studied periods. The within-group analysis of loss of items between different blocks was assessed by the Dunn's test (α=0.05). The cutoff scores used to determine specificity and sensibility of the variables in differentiating both groups were based on the mean scores of controls minus two standard deviation.
RESULTS
AD patients performed significantly poorer than controls on all measures concerning their learning ability, delayed recall and cue utilization, as it's summarized in Table 2 The mean of SumFR was 33.0±18.5 for AD patients and 79.1±8.0 for controls (p <0.0001). The mean of SumTR was 66.8±21.3 for AD patients and 95.3±0.7 for controls (p <0.0001). The learning scores (SumFR and SumTR) were able to differentiate both groups with a sensitivity of 93.3% and specificity of 100%. In order to compare the benefit that both groups had with cues at recall we computed the mean percentage of hits after cues presentation. In this way for the control group we could observe a mean of 97.1% of utilization of all cues given, whilst patients benefited from 59.6% after cues (p <0.001).
The next results concern the rate of forgetting of previous learned information 30 minutes and 24 hours after the sixth trial. In the sixth trial of learning phase the mean of total recall (free plus cued) was 16.0±0 for controls and 12.06±3.75 for AD patients (p <0.0001). The mean total delayed recall after 30 min was 16.0±0 for controls and 8.3±4.8 for AD patients, and at 24 hours it was 16.0±0 and 8.2±4.7, respectively (p <0.0001). The delayed measures, either at 30 min or 24 hours, were highly sensitive (100%) and specific (100%) in differentiating both groups. Any statistical correlation between both groups concerning with rate of forgetting was discouraged as the control group performed at the ceiling in the three studied periods. Nevertheless, it was possible to observe an overall significant loss of information from the sixth trial to 30 min and 24 hours (12.06, 8.3, and 8.2; p <0.01) in AD patients, though, no significant differences could be observed comparing the mean of items recalled 30 minutes and 24 hours after the sixth trial (8.3 and 8.2, respectively; p >0.05).
DISCUSSION
We found that scores of learning ability are as specific as delayed recall scores in differentiating AD patients from elderly controls, although the sensibility of delayed recall is superior than learning ability (100% e 93,3%, respectively). This observation was also reported by Peterson et al. 1 , and it poses a theoretical question: In which point can we identify a disruption in the memory processes and what does remain intact in AD?
Our results point to a main impairment in the encoding process. The group of patients was not able to adequately encode information even when semantic descriptors were used to increase the depth of processing and this was clear when we analyzed their poor performance in the SumTR across the six trials. On the other hand, as AD patients were less benefited by cues than controls during recall, access impairment probably was not the main responsible for their failures in the six trials of the list learning. We did not analyze the benefit that patients had with cues in a within-group analysis, between SumTR and SumFR. However, their benefit was significantly lower than the controls. This conclusion also helps us to understand the findings concerning the loss of information and the rate in which it occurred.
Our results show that there was a loss of information when we compared the amount of items recalled at the sixth trial of the learning phase with those of the delayed phases (30 minutes and 24 hours) and that the decaying was significant only in the first 30 minutes, without additional loss from this moment to the next assessment at 24 hours. In our opinion, this pattern is in agreement with an encoding impairment, since those items not properly encoded were easily displaced from the transitory store in the hippocampus and not consolidated into a long-term storage. On the other hand, those items that were adequately encoded gained access and could be recalled from the long-term storage. Why some items could be deeply encoded and others could not may reflect a semantic impairment and a question of typicality of the chosen items.
We did not assess the typicality of items used in our test and, to our knowledge, this information is not available in Brazilian Portuguese. Two features were observed in our work, but not deeply studied and that could be of interest in this issue: a) all the subjects assessed, including those with AD, were able to name and identify all the figures when first presented to them, demonstrating that these figures belong to their lexical-semantic knowledge and b) AD patients made more semantic errors during the test, mainly of subordinate class. What has called our attention was that, very often, the same intrusions were consistently recalled by patients throughout the test, but were not computed as hints. This finding suggests us that patients were able to learn their own list, that was not exactly the one we presented to them, demonstrating that they did not seem to be able to semantically encode some of the items, substituting them by others of the same category, but maybe of more typicality.
Finally, delayed recall scores after 30 minutes and after 24 hours were not statistically different in AD patients, giving support to the hypothesis that accelerated forgetting is not a feature of AD.
